Abstract The Botryosphaeriales includes serious plant pathogens with a broad host and geographic distribution globally. In South Africa and Namibia, these fungi include important pathogens of native and non-native woody plants, and have consequently been studied extensively. Here we synthesize the information from the previous studies, particularly in the last decade, that report 62 species in the Botryosphaeriales from 66 hosts across South Africa and Namibia. Of these, 52 species have been reported from native hosts, 17 are from non-native hosts and twelve of these species occur on both native and non-native trees in the region. Much of the diversity of the Botryosphaeriales can be ascribed to native species that have fairly limited host and geographic ranges. Neofusicoccum parvum is amongst the most common species on both native and non-native hosts and it is thought to be native to the region. In contrast, Botryosphaeria dothidea, which is certainly an introduced species, is also widespread, and is very common on both native and non-native plants. Overall this synthesis underscores the growing understanding of the diversity of an important group of tree pathogens, their apparently common global spread as latent agents of disease, as well as their apparently common movement between commercial and native ecosystems.
Introduction
Woody plants are often colonized by Botryosphaeriales as endophytes, irrespective of whether they are agricultural crops, ornamental plants, plantation forestry species or plants in natural woody vegetation Slippers et al. 2017) . Species of the Botryosphaeriales include important and common pathogens of native and non-native woody plants worldwide. Consequently, these fungi have been relatively well studied. While they are equally common in native ecosystems, the majority of studies on the Botryosphaeriales have been on agricultural or forestry crops. The overlap between Botryosphaeriales occurring on native and non-native trees is an important feature of these fungi that has only recently been appreciated Sakalidis et al. 2013; Pillay et al. 2013; Marsberg et al. 2017; Slippers et al. 2017; Mehl et al. 2017a) .
Advances in DNA based phylogenetic inference and its impact on the taxonomy of fungi during the past two decades has led to the description of many new species, recognition of species complexes and ongoing revisions of older taxa in the Botryosphaeriales. There is consequently great uncertainty regarding identifications of species in this group and particularly those for which no culture and DNA sequence data are available ). Similar problems abound regarding the interpretations of species distributions, host associations, links of species to diseases etc. For example, up until the 1990's, Botryosphaeria dothidea became a repository for many species with 'Fusicoccum-like' asexual states. However, collections typically identified as this species have subsequently been described as various species and genera Phillips et al. 2013; Slippers et al. 2017) . Botryosphaeria dothidea has also been reported from South Africa, but recent studies have shown that it is not the most common species in many areas (Jami et al. 2015; Pavlic et al. 2007) . It is consequently clear that numerous previous reports recording this pathogen referred not to this species but others in Botryosphaeria or Neofusicoccum.
During the course of the past two decades, a relatively large number of studies have been conducted on the Botryosphaeriales on various plants in South Africa, and to a lesser extent in neighbouring, Namibia. Interestingly, this region has been one of the most intensively studied for this group of fungi anywhere in the world. But commonly, these studies have been focused on a specific disease problem or host, and the broader ecological patterns remain underexplored. In this review we synthesize the information from all reports of Botryosphaeriales from South Africa and Namibia with the overall aim of illustrating patterns of distribution and host association. For accuracy, we base the review only on reports for which identifications and descriptions are linked to DNA-based comparisons.
Botryosphaeriales on native and non-native hosts in South Africa and Namibia
Sixty-two species of Botryosphaeriales have been identified in studies undertaken in different parts of South Africa and Namibia. These studies have recorded species on 66 native and non-native hosts (Table 1, Figs. 1 and 2). The isolated species included those causing disease symptoms ( Fig. 3 ) and others isolated from asymptomatic tissues. Neofusicoccum was the most diverse genus identified in these studies, with 16 species described from the region. Neofusicoccum parvum has been found to infect the greatest number of host species (Fig. 4) but B. dothidea was the most common species in the sampled sites throughout South Africa. In the following sections, we analyse these patterns of host association and distribution of Botryosphaeriales on native and non-native woody plants in South Africa in greater detail. Other than better understanding the patterns of richness and distribution, an important objective was to consider knowledge gaps, particularly those relating to geographical distribution and host range.
Botryosphaeriales associated with native trees
A number of relatively intensive studies have been completed on Botryosphaeriales on native trees in South Africa and Namibia. In total, 52 Botryosphaeriales species have been characterised from both symptomatic and asymptomatic tissues on 32 native tree species studied in these two countries (Marincowitz et al. 2008; Denman et al. 2003; Begoude et al. 2010; Mehl et al. 2011; Van der Linde et al. 2011; Ndove 2015; Jami et al. 2012 Jami et al. , 2013 Jami et al. , 2014 Jami et al. , 2015 Swart 1986; Osorio et al. 2017; Mehl et al. 2017a; Cruywagen et al. 2017) . Of these, 18 species were isolated from Vachellia (Acacia) species (Jami et al. 2012 (Jami et al. , 2013 (Jami et al. , 2015 Slippers et al. 2014 ), 14 species were from mangrove trees (Osorio et al. 2017) , 12 species from Syzygium cordatum (Pavlic et al. 2007 ), 12 species from Sclerocarya birrea subsp. caffra (Mehl et al. 2017a) , 11 species from A. mellifera , and nine species from Adansonia digitata s.l (Cruywagen et al. 2017) and Podocarpus spp. (Ndove 2015) (Table 1) .
Canker and die-back are typical symptoms of diseases caused by Botryosphaeriales that have commonly been reported from native trees in South Africa. These, however, received little attention until 2004 when the South African government funded an initiative (Centre of Excellence in Tree Health Biotechnology) to specifically study the health of native trees (Steenkamp and Wingfield 2013) . Nineteen species of the Botryosphaeriales have been reported from diseased tissue taken from native trees in South Africa and Namibia (Table 1) , although some might have been associated as secondary pathogens or as saprophytic colonists of the dead tissue. Some species such as Neofusicoccum parvum are common and well-known pathogens on numerous hosts, but are also common endophytes existing asymptomatically in many of these studies. Six species on native and non-native hosts that are important include B. dothidea, Lasiodiplodia theobromae, N. australe, N. parvum, N. kwambonambiense and Dothiorella viticola. These species were particularly common in studies and have been found in both healthy and diseased tissues.
The role of many of Botryosphaeriales species in causing diseases is not known. In those cases where inoculation studies have been conducted, species vary in their pathogenicity . Given this uncertainty, we consider all the species described from native plants in this section as potential pathogens. On native hosts, inoculation studies with Botryosphaeriales have been conducted only on Avicennia marina, Bruguiera gymnorrhiza, Euphorbia ingens, Pterocarpus angolensis, Podocarpus henkelii, S. cordatum and Vachellia (Acacia) karroo (Pavlic et al. 2007; Mehl et al. 2011; Jami et al. 2013 Jami et al. , 2015 Ndove 2015; Osorio et al. 2017; Van der Linde et al. 2011) . These studies have shown all the inoculated species were capable of causing lesions. Although they might be considered as potential pathogens, their epidemiology, particularly under natural conditions remains to be understood. Some produced very small lesions and could play a minor or no role in disease development. The most aggressive species across these studies were N. mangiferae on S. cordatum (Pavlic et al. 2007 ), Lasiodiplodia pseudotheobromae on Pterocarpus (Mehl et al. 2011) , L. theobromae, N. australe, N. parvum, Sphaeropsis variabilis on V. karroo (Jami et al. 2015) and 
Botryosphaeriales associated with plantation-grown trees
The Botryosphaeriales pose an important threat to the productivity of South African forestry. The commercial forestry area in the country includes approximately 1.3 million ha, of which 671,000 ha is planted with pine species (mainly Pinus patula, P. elliottii, P. taeda), 516,407 ha with eucalypts (mostly Eucalyptus grandis or derived hybrids and clones) and 100,606 ha with wattle (Acacia mearnsii) (Geldenhuys 1997 ; Http://www.forestry.co.za/statistical-data/ 2011). These plantations are important sources of structural timber, fuel wood, pulpwood and resin as well as providing employment for large numbers of South Africans. Diseases associated with Botryosphaeriales are prominent on all the genera deployed by the South African forestry industry and in some cases have contributed significantly to shaping the industry (Swart and Wingfield 1991) . There is no significant forestry industry in Namibia and consequently, these fungi are not relevant in terms of commercial tree planting. Diplodia sapinea is one of the most important die-back and canker pathogens on pine species worldwide, and this is especially true in South Africa (Swart and Wingfield 1991) . The pathogen is particularly important due to its common occurrence, and latent, opportunistic nature of infection (Flowers et al. 2003; Stanosz and Carlson 1996) . In infected areas, which include most of South Africa were Pinus spp. are planted, this pathogen exists almost ubiquitously within healthy Pinus trees as an endophyte (Bihon et al. 2011) . When the trees are weakened through wounding by hail, or due to drought or other forms of stress, die-back can be very rapid and dramatic (Swart and Wingfield 1991; Zwolinski et al. 1995; Zwolinski et al. 1990 ). For example, P. radiata is a preferred forestry species, but is also one of the most susceptible Pinus species to D. sapinea, and it is consequently no longer planted in large areas in South Africa where hail is common (Swart and Wingfield 1991; Smith et al. 1996b) .
Diplodia sapinea was introduced into South Africa together with its pine hosts (Swart et al. 1985; Burgess and Wingfield 2002) . A number of studies have shown that D. sapinea populations are highly diverse and must have been introduced many times (Bihon et al. 2012a; Bihon et al. 2012b; Burgess et al. 2004b; Smith et al. 2000) . Bihon et al. (2012b) showed this introduction is unlikely to have been predominantly by seed, and it must consequently have been through seedling imports or other routes. Subsequent spread within the country has been horizontal between established plants, and mostly via rain- Swart et al. 1987) . A cryptic sister species, D. scrobiculata, has been reported only once from South Africa, but appears to be rare in comparison to the commonly occurring D. sapinea (Burgess et al. 2004a; Bihon et al. 2010 ).
The Botryosphaeriales have been well studied on Eucalyptus spp. in many parts of the world, including South Africa (Maleme 2009; Pillay et al. 2013; Slippers et al. 2004; Smith et al. 1996a; Pavlic et al. 2007; Smith et al. 1994 Fig. 1 (continued) N. eucalyptorum, N. eucalypticola, N. parvum, and N. kwambonambiense have been identified from die-back and stem cankers in South Africa (Maleme 2009; Slippers et al. 2004; Smith et al. 1996a) . Other than N. australe, the remaining species are commonly present on Eucalyptus in South Africa Pillay et al. 2013 Fig. 1 (continued) Diversity of tree-infecting Botryosphaeriales on native and non-native trees in South Africa and Namibia...
Several Botryosphaeriales species, including L. theobromae, B. dothidea and Diplodia spp., have been identified from both symptomatic and asymptomatic A. mearnsii in South Africa Gibson 1975) . More recent studies have also revealed the presence of a Dothiorella sp. (Synonym: Spencermartinsia sp.) , N. australe, N. vitifusiforme and Sphaeropsis variabilis on A. mearnsii in South Africa (Van der Linde et al. 2010) . Pathogenicity trials have shown that B. dothidea and N. australe can be important pathogens on A. mearnsii (Roux 1998; Van der Linde et al. 2010) . 
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Botryosphaeriales associated with fruit and ornamental trees
Botryosphaeriales are important pathogens of fruit trees. They cause disease symptoms on various plant tissues such as dieback and canker of branches and twigs, leaf necrosis, and post-harvest fruit decay. Namibia does not have a significant fruit industry and consequently there are no studies reported from that country. However, various fruit trees in South Africa are affected (Table 1) , including almond, apple, apricot, avocado, citrus, mango, nectarine, peach, pear, plum and prune Damm et al. 2007; Martínez-Minaya et al. 2015; Crous et al. 2000) , as well as grapevine that have been well studied in South Africa (Fourie and Halleen 2001; Van Niekerk et al. 2004 , 2010a . Eleven species of Botryosphaeriales have been identified from grapevines and 18 species from the other fruit trees in South Africa. Among these species, N. australe and D. seriata are the most commonly encountered species on stone fruits. All of the identified species have been shown to produce significant lesions in inoculation trials and are considered as potential pathogens, but Do. viticola is considered less pathogenic than the other species on fruit trees (Damm et al. 2007 ).
Botryosphaeriales species are associated with the die-back of ornamental trees such as Schizolobium parahyba and Terminalia catappa in South Africa Mehl et al. 2014) . Three Botryosphaeriales species have been identified on these trees, of which N. parvum is the most common species. It is important to recognize that the capacity to colonize wood may not always be directly correlated with the ability to cause symptoms such as decline and die-back. This should be more thoroughly explored in future studies.
Host and geographical structure
The numbers of species of Botryosphaeriales known from a variety of hosts in South Africa and Namibia has grown significantly in recent years. Here we consider these reports to characterize patterns of host and geographic distribution for this group of fungi in southern Africa. ) . B, C. Canker and pith discoloration on a Eucalyptus stem and branches ). D. Die-back on Vachellia (Acacia) karroo (Jami et al. 2013) 
Host associations
Of the 62 Botryosphaeriales species isolated from 66 hosts during the course of the last decade in South Africa and Namibia (Table 1; Fig. 1 ), 12 have been described as new taxa from non-native hosts and 27 as new from native hosts (Table 1) (Maleme 2009; Pavlic et al. 2004; Denman et al. 2003; Jami et al. 2012 Jami et al. , 2014 Jami et al. , 2015 Mehl et al. 2014; Osorio et al. 2017) . Eleven of the Botryosphaeriales species have been isolated from both native and non-native trees in the region, and these represent species with an almost cosmopolitan distribution and very broad host ranges (Fig. 1, Table 1 ).
The number of hosts from which each Botryosphaeriales species has been reported varies significantly. Many species are apparently rare and have been isolated only in low numbers. Their host records might thus be influenced by their rare occurrence, and not necessarily provide a true reflection of their ability to infect other plants. Thirteen Botryosphaeriales species have been isolated from only two hosts, and 22 species have been isolated from more than three hosts in South Africa and Namibia. Neofusicoccum parvum has been isolated from 30 hosts (14 natives, 16 non-natives) and shows the highest host diversity in South Africa and Namibia. Neofusicoccum australe and B. dothidea are the next most commonly encountered species, and have been reported from 13 (three natives, nine nonnatives) and nine (five natives, four non-natives) different hosts, respectively (Table 1) . Interestingly, N. parvum and N. australe have been found on greater numbers of non-native than native plants in South Africa and Namibia (Table 1) .
Of the 66 host plants considered in South Africa and Namibia, 24 were infected with only one species of Botryosphaeriales while the remaining tree species were hosts to more than one species (Fig. 4) . Vachellia karroo as host to 18 Botryosphaeriales species had the highest diversity of these fungi in South Africa and Namibia Jami et al. 2015) . Podocarpus henkelii (Ndove 2015), Vitis vinifera (Van Niekerk et al. 2004) , S. cordatum (Pavlic et al. 2007; Pavlic et al. 2004) , Sclerocarya birrea subsp. caffra (Mehl et al. 2017a ) and mangrove trees (Osorio et al. 2017 ) have also yielded a high diversity of these fungi, ranging from 9 to 14 species each. While these data are interesting, they should be viewed against a background of a greater intensity and breadth of geographical sampling of these hosts compared to others in the region. The data illustrate the extent to which a host plant can be infected by multiple species of Botryosphaeriales. For example, Jami et al. (2015) showed that various species of Botryosphaeria, Dothiorella and Neofusicoccum frequently co-occur on V. karroo across South Africa, with ranging from 1 to 8 species per site. If sampled more intensively, the same pattern might be expected for other hosts.
Species distribution
The Botryosphaeriales occur throughout southern Africa. While some species occur fairly broadly, others appear to have a limited geographic distribution. It is necessary to be cautious not to over interpret the results of studies conducted thus far because obvious gaps clearly still exist. But the record of occurrence is becoming sufficiently complete to begin to understand some of the emerging patterns of diversity of the Botryosphaeriales. Also to consider how these might be related to climate or other factors shaping their distribution (Mehl et al. 2017a) . Botryosphaeria dothidea is one of the most widespread Botryosphaeriales species in the world (Marsberg et al. 2017) and it has been found from 17 sites in different parts of South Africa and Namibia (Fig. 2) . This species has been found across parts of these countries with climates ranging from Mediterranean, to continental to sub-tropical as well as very dry and desert-like (Http://en.wikipedia.org/wiki/ Climate_of_South_Africa 2007; Conradie 2012). This is perhaps not surprising given that recent studies have shown that B. dothidea can survive and grow effectively at a broad range of temperatures and its pycnidia appear to be long-lived and produce conidia for at least 6 years (Urbez-Torres et al. 2010; Copes and Hendrix 2004; Michailides and Morgan 1992) . As with other species of the Botryosphaeriales, rain and wind play an important role in spreading B. dothidea, which limits the distance of its distribution. The broad host range, however, would mean that it has a more or less continuous distribution of potential hosts that would make migration between regions possible (Ahimera et al. 2004; van Niekerk et al. 2010b) .
Neofusicoccum parvum is the second most widespread species, being reported from 12 sites across South Africa (Fig. 2) . This fungus has the widest global distribution and host range and it is one of the most pathogenic Botryosphaeriales on woody plants . Neofusicoccum parvum has been absent from samples collected in the south-western parts of South Africa. It is unlikely that this is host related, because plants such as V. karoo sampled in that part of the country are infected by this fungus in other regions (Jami et al. 2015) . It is possible that this distribution is weather related, as this is also the driest part of the country (Conradie 2012) . Conversely, it is also one of the least sampled areas of the country, which might also have influenced this observed pattern.
Neofusicoccum australe has been reported from 10 countries and 46 hosts and is particularly common in the southwestern parts of Western Australia (Sakalidis et al. 2011; Burgess et al. 2006; Taylor et al. 2009 ). This species is also one of the dominant Botryosphaeriales in South Africa. It is the most widespread species in the country after B. dothidea and N. parvum, having been reported from nine areas (Fig. 2) . This species has been found in both desert and temperate areas of South Africa. In parts of Western Australia, it is common in areas with a Mediterranean climate, with hot and dry summers and cool wet winters Cunnington et al. 2007; Taylor et al. 2009 ).
Lasiodiplodia theobromae is an important species in South Africa (Fig. 2) . This fungus has a wide host range both as endophyte and pathogen . It has a world-wide distribution (Punithalingam 1976 ) and has been reported on more than 500 hosts (Punithalingam 1980) , although many of these host reports might refer to cryptic sister species in L. theobromae sensu lato (Swart 1986; Phillips et al. 2013) . Recent studies in South Africa have shown that L. theobromae occurs mostly in the northern and western parts of the country (Fig. 2) , and not in central and eastern parts (Mehl et al. 2011; Begoude et al. 2010; Pavlic et al. 2007; Van Niekerk et al. 2004; Jami et al. 2015) . These patterns are likely due to climate as L. theobromae is known to be confined, or most common, in tropical to sub-tropical climates (Mehl et al. 2017a) .
A number of recent studies illustrate a high level of anthropogenic movement of Botryosphaeriales species around the world Slippers 2003; Slippers and Wingfield 2007; Sakalidis et al. 2013; Marsberg et al. 2017 ). For example, N. parvum has been reported from 29 countries on 90 hosts (Sakalidis et al. 2013) , B. dothidea reported from 24 host genera (representing 17 families) and 18 countries and both species exist across six continents (Marsberg et al. 2017) . This result suggests strongly that movement of N. parvum has been human-mediated irrespective of whether it has been moved from native to non-native hosts or vice-versa. Similarly, D. sapinea, L. theobromae and N. australe, which are commonly reported in South Africa, have more or less cosmopolitan distributions, and have most likely been moved by humans. The results of studies in South Africa illustrate how widely such species can spread once introduced into a country, including into remote and fairly undeveloped regions such as the Northern Cape (Fig. 2) . Unfortunately, this also illustrates the fact that current quarantine measures are entirely unable to restrain the global movement of latent pathogens such as the Botryosphaeriales ).
Conclusions
During the last two decades, focused studies on the Botryosphaeriales have revealed 38 new species and genera from South Africa and Namibia. Increasing numbers are also being described as surveys are expanded to new areas and hosts. These fungi have been isolated from a wide range disease symptom on important native and non-native trees in southern Africa. Many species have also been isolated from healthy plant tissues. Whether isolated from healthy or diseased tissue, all the species that have been tested in inoculation trials have been shown to induce lesions and are thus considered to have some degree of pathogenicity. However, studies have also revealed that the pathogenicity for different species is variable and it varies between hosts. There is a clear need to characterize the interaction between Botryosphaeriales species, hosts and disease and studies focused on these questions should be encouraged.
The greatest species diversity for the Botryosphaeriales has been observed in the Western Cape Province of South Africa with 17 different species occurring there (Fig. 2) . The lowest diversity is currently known from the Northern Cape Province (Fig. 2) . This might be related to the number of studies in these areas, where most have focused on the Western Cape or the eastern to north-eastern coast of South Africa, and fewer have been done in central or north-western areas. It could also be associated with the greater plant diversity and density in the Western Cape, compared to, for example, the Northern Cape, as well as the harsher (drier) weather conditions in the latter region. However, recent studies on V. karroo in South Africa (Jami et al. 2015) showed that the species diversity was higher in the Tshwane Metropolitan Area than elsewhere in South Africa, even after correcting for sampling intensity. It is not clear what drives this increased diversity, but one possibility is that the higher plant diversity in the urban areas that arised via introductions for horticulture. This, together with the higher frequency of trade (with Pretoria as one of the main urban centres in the country), and compared to other sampled sites could influence the surrounding diversity in Botryosphaeriales. Other factors, such as the intensive human activities, pollution and physical damage to name just a few possibilities could also influence this pattern of diversity.
The application of molecular tools and particularly DNA sequence based analyses has revolutionized the identification of species in the Botryosphaeriales (also see a summary in Slippers et al. 2017) . The emerging data has led to a complete revision of the taxonomy of the group including a clear need to re-evaluate previous reports of species, distributions, host associations and other factors relevant to understanding the processes influencing biodiversity patterns. The new technologies have also led to the discovery of a large diversity of species, and new insights into its distribution and host associations. This is especially true in South Africa and Namibia where these fungi have been sampled at least as much, or even more intensively, than in many other parts of the world. No hybrid species have been reported in the region yet, but as Cruywagen et al. (2017) and Rodríguez-Gálvez et al. (2017) have recently shown that this needs to be considered for the Botryosphaeriales and in particular for Lasiodiplodia spp.
All the records considered in this review are based on isolations of fungi in culture. It is well known today that many of endophytic fungi either do not grow well in culture, or are easily overlooked because they grow more slowly than other common endophytes. Making isolations is also time consuming and often not practiced with sufficient rigor. An emerging solution to this problem is to use the high-throughput, culture independent and barcoding based approaches of next generation sequencing (Kemler et al. 2013) . Such studies will likely be used in the future to map the distribution of Botryosphaeriales across regions and different hosts more accurately.
The Botryosphaeriales result in asymptomatic infections in their hosts and those species that cause disease usually do so after the onset of stress . These fungi clearly form an important natural component of the microbiome, particularly of woody plants. This is sometimes referred to as part of the 'second genome^ (Zenni et al. 2016 ). The consequence is that these fungi can easily be accidentally moved to new evironments through trade in plants and plant products, including for example fruit Burgess and Wingfield 2017) . Once they have been introduced into new environments and particularly given the wide host ranges of many species, they are able to infect new hosts via host shifts or range expansions (Slippers et al. 2005; Crous et al. 2012) . It is consequently reasonable to expect that they will be increasingly important as pathogens of woodly plants in the future, both in Southern Africa but also globally.
